In the budding yeast Saccharomyces cerevisiae, the genes encoding the CAF-1 subunits CAC1, CAC2, and CAC3 are not essential for cell viability, suggesting the between DNA replication-coupled chromatin assembly during DNA replication in vitro. Herein, we demonby CAF-1 and inheritance of epigenetically determined strate that after DNA replication, replicated, but not chromosomal states. However, how they are linked tounreplicated, DNA is also competent for CAF-1-depengether is still uncertain. dent chromatin assembly. The proliferating cell nu-
replication reaction, but further incubation reduced or abolished supercoiling (Figure 1, lanes 2-8) . These results were consistent with the previous results using dCAF-1 and a Drosophila embryonic cell extract (Kamathat had undergone DNA repair. During characterization of Drosophila CAF-1 (dCAF-1), however, an observation kaka et al., 1996). In contrast, incubation of the replicated DNA for various times on ice did not affect prefergave us a hint of how to address this problem. We found that dCAF-1 could be added to the DNA replication ential supercoiling at all (Figure 1, lanes 9-15) . The labeled, replicated DNA was supercoiled, but the unrepreactions even after DNA replication was blocked by aphidicolin, and yet preferential chromatin assembly still licated DNA was not. This result suggested the existence of some coupling property that was activated during took place on the replicated DNA when dCAF-1 was added (Kamakaka et al., 1996) . The temporal separation DNA replication, was unstable at 37ЊC, but was stable on ice. of DNA replication and replication-dependent chromatin assembly was also observed by others (Fotedar and Roberts, 1989). These observations suggested that the Noncovalent Marking of DNA Is Required for the Coupling of Chromatin Assembly replicated DNA was somehow marked for subsequent chromatin assembly. Our attempts to reproduce these to DNA Replication The dependence of chromatin assembly on DNA replicafindings using purified human cell CAF-1 and a human cell extract uncovered a temperature-dependent instation could be due to a cis-acting mark left on the replicated DNA. To test for this possibility, we loaded reacbility of the chromatin assembly template. SV40 DNA replication was performed first for 40 min tion mixtures onto a spin column to separate the DNA from the soluble proteins after incubation of the replicaprior to adding aphidicolin, a DNA synthesis inhibitor. The reaction mixtures were incubated at 37ЊC or on ice tion mixtures for 90 min at either 37ЊC or on ice, as in Figure 1 . As shown in Figure 2 , CAF-1 could not promote for the indicated times, and then CAF-1 was added to allow supercoiling to proceed. The products were then preferential supercoiling of labeled DNA that was preincubated at 37ЊC, even when high amounts of fresh exisolated and separated on an agarose gel. The replicated DNA, labeled during the replication reaction with dATP tract were added to the supercoiling reactions (Figure we conclude that PCNA is essential for coupling chroure 3, lanes 27 and 28). This result suggested that more PCNA was loaded onto the replicating DNA than was matin assembly by CAF-1 to DNA replication. One possible mechanism for PCNA to be involved in this process needed for CAF-1-coupled chromatin assembly. Indeed, only one small target site for NER was sufficient to start is for PCNA to function by interaction with CAF-1. in Proliferating Cells Binding assays using the separate p150, p60, or p48
To examine the physical proximity of CAF-1 and PCNA CAF-1 subunits were performed to determine which in vivo, asynchronously growing HeLa cells were stained subunits interacted with PCNA. Each CAF-1 subunit was with antibodies directed against the CAF-1 p150 subunit synthesized by in vitro translation, and immunoprecipior PCNA. Only a fraction of the cells exhibited a punctutation reactions in the presence or absence of PCNA ate pattern of detergent-insoluble p150 and PCNA in were performed using anti-PCNA antibodies ( Figure 6C) . the nucleus. Furthermore, PCNA and CAF-1 exactly coOnly the p150 subunit interacted with PCNA, and this localized in complexes that were tightly associated with interaction was very efficient. Since both PCNA and chromatin, as judged from their resistance to Triton exp150 are very acidic proteins, with calculated pI of 4.60 traction (Figure 7) . Both PCNA and CAF-1 have independently been localized to replication foci in S phase and 5.65, respectively, the binding of PCNA and p150 In the current paper, however, we demonstrated that nucleosome assembly could be temporally dissociated the cells that were not in S phase (e.g., the right cell in Figure 7B ), and the nature of this association is under from passage of the DNA replication fork. Addition of CAF-1 after completion of DNA replication allowed investigation. fragment synthesis were to remain associated with the lagging-strand product for some time after DNA replication, the amount of PCNA bound to the two sister chromatids would be inherently asymmetric (Figure 8 ). Since CAF-1 binding to PCNA can allow chromatin assembly after DNA replication, this situation would offer considerable opportunities for the establishment of an asym- 
